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LASER DRIVING DEVICE AND METHOD
FOR ENABLING UNIFORM LIGHT FIELD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The subject application claims priority to Chinese Patent
Application No. 202010283442,/ filed Apr. 13, 2020 in
China. The Chinese priority application i1s incorporated
herein by reference.

TECHNICAL FIELD

The present invention relates to lasers, and particularly, a
laser driving device for laser fusion research and a method
for enabling a uniform light field.

BACKGROUND ART

In a high-power laser driver for inertial confinement
tusion, during the implosion process, the non-uniform light
field wrradiating the target surface will cause the fluid 1nsta-
bility and the instability of the laser-plasma interaction,
leading to the failure of the experiment. At present, the major
solution 1s to combine spatial-domain beam smoothing and
time-domain beam smoothing to solve the problem of light
field non-uniformity, but it fails yet to meet the experimental
requirements on the umiformity. A broadband light source 1s
also adopted for beam smoothing, but this method cannot
achieve high-ethiciency amplification and frequency conver-
s1on efliciency. Moreover, 1n the current laser driving device,
the nonlinear seli-focusing caused by the phase disturbance
generated by the spatial coherence of the laser 1n transmis-
s1ion and amplification brings damage to optical elements, as
a result, the damage resistance capability of final optics
assembly of the laser driver 1s limited. Based on high power
laser devices with low spatial coherence, the present inven-
tion can not only further increase the energy of the laser
output, but also realize uniform irradiation of physical
experiments.

In the current laser driving device, phase disturbance and
poor light field uniformity cause self-focusing and thus
damage to elements, as a result, the laser output 1s limited.
In the current technology, the broad spectral band technique
1s void of efliciency and high-energy output, and the com-
bination of spatial-domain beam smoothing and time-do-
main beam smoothing can not yet meet the experimental
requirements on the unmiformity.

SUMMARY OF THE INVENTION

The present invention provides a high-power laser device
with low spatial coherence, which not only further improves
the energy output of the laser, but also realizes uniform
irradiation 1n a physical experiment. To solve the problems
in the current technology, the present invention provides a
laser driving device based on a narrow-band low-spatial-
coherence light source.

Currently, spatial-domain beam smoothing needs to work
with time-domain beam smoothing, because the incident
light field 1s a highly coherent light field spatially, and the
sub-beams divided by spatial-domain beam smoothing mod-
ule are also coherent, so that a high-frequency modulated
light field 1s generated, where the spatial distribution of
speckles does not change during a whole pulse, which 1s
unfavorable for implosion. By increasing the number of
independent speckles 1n the coherence time, time-domain
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2

smoothing can eliminate the non-uniformity of higher-order
modes integrally in a whole timeframe. However, only some
high-frequency mformation can be eliminated, and the uni-
formity of the light field can not yet meet the experimental
requirements at present.

The mventor found that the technical solution of the
spatial-domain beam smoothing i conjunction with the
time-domain beam smoothing 1s feasible, because essen-
tially the solution 1s to regulate and control a spatial highly
coherent light field and a localized modulation does exist 1n
a specific spatial-domain and time-domain which 1s only
shown as a uniform distribution when integrating over the
whole time-domain. Therefore, the present mvention pro-
vides a laser driver taking a light from a narrow-band
low-spatial-coherence light source as a seed. As such, a laser
light field with low spatial coherence 1s obtained after
amplification, and the problem that the irradiation unifor-
mity of the light field does not change with time and space
1s solved.

In the present invention, in the transmission and ampli-
fication of a low-coherence light, various damage caused by
interference modulation similar to the situation 1n a laser
device of the current technology 1s greatly reduced, so that
the damage resistance capability of the laser driving device
1s improved. The matching angle of the current frequency
doubling and frequency tripling crystals 1s small, and thus,
renders poor efliciency i broad band frequency doubling
conversion. Therefore, the present invention provides that
not only low spatial coherence but also a narrow band should
be fulfilled. According to the present invention, by advan-
tage of adjustment of thresholds for a laser cavity and the
gain narrowing eflect of a laser gain medium, the tluores-
cence spectrum of the gain medium 1s narrowed to meet the
requirement on the matching angle for frequency conver-
s10n, as a result, high efliciency 1n frequency conversion 1s
available, and the overall efliciency of the laser driver is
improved.

The details of the technical solution of the present mnven-
tion are as follows:

A laser driving device, taking a narrow-band low-spatial-
coherence light source as a seed, to carry out eflicient
amplification and transmission and frequency conversion
and finally realize uniform irradiation on a target surface.

The laser drniving device of the present mvention com-
prises a laser seed (1), an amplification and transmission unit
(2), a frequency conversion unit (3), and a focusing unit (4);
wherein the laser seed (1) 1s a narrow-band low-spatial-
coherence light source and 1s configured for generating a
narrow-band low-spatial-coherence laser, the amplification
and transmission unit (2) 1s configured for amplifying and
transmitting the laser, the frequency conversion unit (3) 1s
configured for converting frequencies of the laser, and the
focusing unit (4) 1s configured for laser focusing; the laser
seed (1) generates a narrow-band low-spatial-coherence
light, the narrow-band low-spatial-coherence light 1s ampli-
fied by the amplification and transmission unit (2) and 1is
subjected to frequency conversion performed by the fre-
quency conversion unit (3), and then the light with a
converted frequency 1s focused by the focusing unit (4).

In the present invention, the laser seed (1) 1s a low-spatial-
coherence light source with a bandwidth not more than 10 A.
For example, for a KDP crystal in the process of frequency
tripling, upon type II phase matching, if the bandwidth 1s 5
A, the efficiency of frequency tripling conversion can be
ensured to reach 60-70%; 1f the bandwidth 1s increased to 9
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A, the efficiency of frequency tripling conversion is 50-60%,
reduced by 15% compared with the case that the bandwidth
is 5 A.

In the present invention, the laser seed (1) 1s a low-spatial-
coherence light source, that is, according to Van Cittert-
Zernike theorem, a modulus of a complex spatial coherence

of a laser light field 1s less than 1, more preferably less than
0.5.

In the present invention, the amplification and transmis-
sion umit (2) has a laser amplification and transmission
function and comprises one or more amplification gain
media; the amplification gain medium can be rod-shaped,
sheet-shaped, or the like; the laser can pass through one
amplification gain medium for once or multiple times to
obtain a desirable gain amplification.

In the present invention, the amplification and transmis-
sion unit (2) further comprises a spatial transmission device
for controlling a divergence angle of a light beam, and
regulation and control of the laser beam 1n transmission can
be realized.

In the present invention, the amplification and transmis-
s1on unit (2) further comprises a spatial filter, and the spatial
filter 1s simplified on the basis of a conventional spatial filter,
so that the amplification and transmission unit (2) has a
simpler structure.

In the present invention, the frequency conversion per-
formed by the frequency conversion unit (3) can be ire-
quency doubling, frequency tripling, or frequency quadru-
pling.

In the present invention, the focusing unit (4) comprises
an optical element for focusing.

In the present mnvention, the optical element for focusing
1s one ol an aspheric lens, a reflective focusing lens, and a
wedge-shaped focusing lens.

In the present invention, the focusing unit (4) may further
comprise arrayed lenses or arrayed orthogonal cylindrical
lenses.

In the present invention, the focusing unit (4) may further
comprise an optical element for adjusting phases.

In the present invention, the optical element for adjusting
phases 1s a deformable reflective lens.

In the present invention, the laser driving device may
turther comprise a beam shaping component (6).

In the present invention, the beam shaping component (6)
1s configured for controlling intensities and phases of a light
beam.

In the present invention, the beam shaping element (6) 1s
one or more of a serrated aperture, a birefringent lens group
in conjunction with a neutral density filter, an amplitude-
type (or phase-type) binary optical panel, a binary transmit-
tance liquid crystal cell, an amplitude-type -electrical
addressing modulator, an amplitude-type optical addressing
modulator, a phase-type electrical addressing spatial light
modulator, and an adaptive optical component.

In the present invention, the laser driving device may
turther comprise a measurement unmt (7).

In the present invention, the measurement unit (7) 1s
configured for measuring various signals 1n the laser driving
device.

In the present invention, the laser driver may further
comprise a collimation component (8).

In the present invention, the collimation component (8) 1s
configured for collimating each light beam in the laser
driving device.

In the present invention, the laser driving device may
turther comprise a control component (9).
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In the present invention, the control component (9) 1s
configured for controlling various signals in the laser driving

device.

The present invention also provides a method for enabling
uniform focal spots, where a narrow-band low-spatial-co-
herence light source 1s adopted as the laser seed (1), ampli-
fication 1s carried out by the amplification and transmission
umt (2), the amplified light 1s subjected to frequency con-
version performed by the frequency conversion unit (3), and
the light with a converted frequency 1s focused by the
focusing unit (4) to enable a light field with uniform near and
far fields.

Compared with the current technology, the laser driving
device based on the narrow-band low-spatial-coherence
light can eflectively break through the limits on power
energy, ultraviolet damage resistance capability and 1rradia-
tion uniformity in a high-power laser device of the current
technology, specifically,

(1) uniform light field irradiation, which 1s the most
important 1ssue 1n physical experiments, 1s realized;

(2) the problem of low efliciency in amplification and
frequency conversion caused by a broad spectral light source
1S overcome; and

(3) the problem of damage to the optical element, 1.¢.,
filamentation, caused by the nonlinear effect in the laser
driving device 1s solved.

In addition, the present invention features a simple struc-
ture, convenience in adjustment, high efliciency and feasi-
bility, and good practicability. The device 1s simplified on
the basis of a conventional device by, for example, removing
the conventional spatial-domain and time-domain beam
smoothing components and the function of spatial filtering.
A brand-new laser driver 1s provided for laser fusion and
contributory to fusion ignition driven directly and indirectly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a simplified structure of the present inven-
tion.

FIG. 2A shows a structure of a spatial filter in an ampli-
fication and transmission unit (2) of a laser driving device
according to the present invention; FIG. 2B shows a struc-
ture of the spatial filter 1n the amplification and transmission
unmit (2) of a convention laser driving.

FIG. 3A shows a frequency conversion unit (3) of the
laser driving device according to the present invention
(frequency tripling); FIG. 3B shows the frequency conver-
sion unit (3) of the conventional laser driving device (ire-
quency tripling).

FIG. 4 shows a focusing unit (4) of the laser driving

device according to the present invention.
FIGS. SA and 5B show a near-field (FIG. 5A) and a

tar-field (FIG. SB) of a light field after amplification and
transmission and Irequency conversion according to the
present mvention.

FIG. 6 shows the frequency conversion unit (3) of the
laser driving device according to the present invention
(frequency quadrupling).

FIG. 7 shows the focusing unit (4) of the laser driving
device according to the present invention.

FIG. 8 shows the focusing unit (4) of the laser driving
device according to the present invention.

FIG. 9 shows the focusing unit (4) of the laser driving
device according to the present invention.

FIG. 10 shows a structure of the laser driving device,
including a collimation component (8), a measurement unit
(7), and a control component (9).
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FIG. 11 shows a structure of the laser driving device
including a beam shaping component.

FIG. 12 shows a structure of the laser driving device
including the beam shaping component.

FIG. 13 shows a spatial transmission means in the ampli-
fication and transmission unit (2) of the laser driving device
according to the present invention.

Reference numbers used in the figures refer to the fol-
lowing structures:

1—laser seed; 2—amplification and transmission unit;
3—1Irequency conversion unit; 4—focusing unit; 5—target;
6—beam shaping component; 7—measurement unit;
8——collimation component; 9—control component;

202—spatial filter; 201—pre-amplifier stage; 203—post-
amplification stage; 2021—{first beam expanding lens;
2022—spatial filtering aperture; 2023——second beam
expanding lens, 204—simplified spatial filter; 205—14 wave
plate; 206—~rod-shaped laser head of amplification gain
medium; 207—Airst polarizing beam-splitter prism; 208—
intracavity spatial filter; 209—first reflective lens; 210—
second polarizing beam-splitter prism; 211—spatial trans-
mission filter; 212—Faraday rotator; 213—second reflective
lens; 214—beam expander; 215—{irst sheet-shaped laser
head of amplification gain medium; 216—{irst spatial filter;
217—second sheet-shaped laser head of amplification gain
medium; 218—polarizing emission lens; 219—first total
reflection lens; 220—second total reflection lens; 221 —
second spatial filter; 222—spatial transmission device;
2221 first lens; 2222—second lens;

30—fundamental-frequency  random-phase  mask;
31—vacuum window; 32—1irequency doubling crystal;
33—frequency tripling crystal; 34—Irequency-doubling
random-phase mask; 35—{requency quadrupling crystal;

41—aspheric lens; 42—wedge-shaped focusing lens;
43—deformable reflective lens; 44—arrayed lenses;
45—beam deflection lens group; 46—~reflective focusing
lens;

61—deformable reflective lens; 62—serrated aperture.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The present mnvention 1s further described in connection
with the following examples with reference to the drawings.
These examples do not serve to limit the scope of the present
invention and modification may be made without departing
from the scope of the mvention.

Example 1

The Example provides a laser driving device as shown in
FIG. 1 comprising a laser seed (1), an amplification and
transmission unit (2), a frequency conversion unit (3), a
focusing unit (4), and a target (5). The laser seed (1) 1s
narrow-band low-spatial-coherence light with a bandwidth
of 5 A; the coherent light is amplified and transmitted
through the amplification and transmission unit (2) and
subjected to frequency conversion performed by the fre-
quency conversion umt (3), and the light with a converted
frequency 1s focused by the focusing unit (4) to 1rradiate the
target (5) finally.

The amplification and transmission unit (2) in the
example, as shown 1n FIG. 2A, comprises a pre-amplifica-
tion stage (201), a post-amplification stage (203), and a
simplified spatial filter (204); the simplified spatial filter
(204) comprises beam expanding lenses 2021, 2023. In a
conventional amplification and transmission device as
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6

shown 1n FIG. 2B, a spatial filter (202) comprises not only
the beam expanding lenses 2021, 2023, but also a spatial
filtering aperture 2022. According to the present invention,
the spatial filter can be void of the spatial filtering aperture,
so that the difliculty 1n adjusting the laser device 1s lowered,
while the efliciency of targeting by the laser device 1s
improved.

The frequency conversion unit (3) 1in the example, as
shown 1n FIG. 3A, performs frequency tripling and specifi-
cally comprises a vacuum window (31), a frequency dou-
bling crystal (32), and a frequency tripling crystal (33). In a
conventional frequency conversion unit as shown in FIG.
3B, a fundamental-frequency random-phase mask (30) and
a Ifrequency-doubling random-phase mask (34) are further
included. According to the present invention, the fundamen-
tal-frequency random-phase mask (30) and the frequency-
doubling random-phase mask (34) are removed, rendering a
simpler mechanism so that the difficulty in adjusting the
laser device 1s lowered.

In the example, the focusing unit (4), as shown in FIG. 4,
1s an aspherical lens (41).

FIGS. 5A and 5B shows the output of the laser driving
device based on low-spatial-coherence light in the near field

(FIG. SA) and the far field (FIG. 3B) according to the
example.

Example 2

The frequency conversion unit (3) of the example, as
shown 1n FIG. 6, performs frequency quadrupling, and
specifically, comprises the vacuum window (31), the fre-
quency doubling crystal (32), the frequency tripling crystal
(33), and a frequency quadrupling crystal (35).

In the example, the focusing unit (4), as shown 1n FIG. 7,
1s a wedge-shaped focusing lens (42).

Example 3

As shown 1 FIG. 8, the focusing unit (4) in the example
comprises a deformable reflective lens (43), a beam detlec-
tion lens group (45), and a reflective focusing lens (46).

Example 4

As shown 1n FIG. 9, the focusing unit (4) 1n the example

comprises the deformable retlective lens (43 ), arrayed lenses
(44), and an aspheric lens (41).

Example 5

Example 5 1s based on Example 1 and further comprises
a collimation component 8, a measurement unit 7, and a
control component 9, as shown 1n FIG. 10. The collimation
component 8 collimates each light beam 1n the laser driving
device, the measurement unit 7 measures various signals 1n
the laser driving device, and the control component 8
controls various signals in the laser driver. The collimation
component 8, the measurement umt 7, and the control
component 9 can assist the laser driving device in targeting
with high efliciency and high quality.

Example 6

The example 1s based on Example 1 and incorporates a
beam shaping component (6) into the amplification and
transmission unit (2) as shown 1n FIG. 11. The light beam
shaping component (6) eflectively controls intensities and




US 11,888,282 B2

7

phases of a light beam and comprises a deformable reflective
lens (61) and a serrated aperture (62). The amplification and
transmission unit (2) comprises a Y4 wave plate (205), a
rod-shaped laser head of amplification gain medium (206),
a first polarizing beam-splitter prism (207), an intracavity
spatial filter (208), a first reflective lens (209), a second
polarizing beam-splitter prism (210), a spatial transmission
filter (211), a Faraday rotator (212), a second retlective lens
(213), and a beam expander (214).

Example 7

The example 1s based on Example 1 and incorporates the
beam shaping component (6) into the amplification and
transmission unit (2) as shown in FIG. 12. The beam shaping,
component (6) comprises the deformable reflective lens
(61). The amplification and transmission unit (2) comprises
a first sheet-shaped laser head of amplification gain medium
(215), a first spatial filter (216), a second sheet-shaped laser
head of amplification gain medium (217), a polarizing
emission lens (218), a first total reflection lens (219), a

second total reflection lens (220), and a second spatial filter
(221).

Example 8

The spatial transmission device (222) in the amplification
and transmission unit (2) 1n this Example, as shown 1n FIG.
13, comprises a first lens (2221) and a second lens (2222),
and the spatial transmission means (222) 1s placed behind
the laser seed (1) and 1n front of the spatial filter to narrow
the divergence angle of the laser.

The present invention improves the uniformity of the light
field output by the laser driving device, solves the problems
of low efliciency of frequency multiplier caused by a broad
spectral band and damage to optical elements caused by
reduced seli-focusing, breaks through the energy limit
caused by limited damage resistance capability bearable for
ultraviolet elements, increases the overall energy output of
the laser driving device, and thus improves the overall
clliciency of the laser device.

We claim:

1. A laser driving device, comprising:

a laser seed (1),

an amplification and transmission unit (2),

a Irequency conversion unit (3), and

a focusing unit (4),

wherein the laser seed (1) 1s a narrow-band low-spatial-

coherence light source with a bandwidth of no more
than 5 A and configured for generating a narrow-band
low-spatial-coherence laser,

the amplification and transmission umt (2) 1s configured

for amplifying and transmitting the laser, wherein the
amplification and transmission unit (2) comprises one
or more amplification gain media, and the amplification
gain media are plate- or sheet-shaped,

the frequency conversion unit (3) 1s configured for con-

verting frequencies of the laser, and
the focusing unit (4) 1s configured for laser focusing;
the laser seed (1) generates a narrow-band low-spatial-

coherence light, the narrow-band low-spatial-coher-
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ence light 1s amplified by the amplification and trans-
mission unit (2) and 1s subjected to {requency
conversion performed by the frequency conversion unit
(3), and then the light with a converted frequency 1s
focused by the focusing unit (4).

2. The laser driving device according to claim 1, wherein
a modulus of a complex spatial coherence of a light field of
the laser from the laser seed (1) 1s less than 0.5.

3. The laser driving device according to claim 1, further
comprising

a spatial transmission device (222) for controlling a

divergence angle of a light beam to regulate the trans-
mission of the laser beam,

wherein the spatial transmission device (222) 1s placed

behind the laser seed (1) and 1n front of the amplifica-
tion and transmission unit (2) 1n the optical pathway.

4. The laser driving device according to claim 1, wherein
the frequency conversion performed by the frequency con-
version unit (3) 1s frequency doubling, frequency tripling, or
frequency quadrupling.

5. The laser driving device according to claim 1, wherein
the focusing unit (4) comprises an optical element for
focusing.

6. The laser driving device according to claim 1, wherein
the focusing unit (4) further comprises arrayed lenses or
arrayed orthogonal cylindrical lenses.

7. The laser driving device according to claim 1, wherein
the focusing unit (4) further comprises an optical element for
adjusting phases.

8. The laser driving device according to claim 1, further
comprising

a beam shaping component (6) configured for controlling

intensities and phases of a light beam.

9. The laser driving device according to claim 8, wherein
the beam shaping component (6) 1s one or more of a serrated
aperture, a birefringent lens group in conjunction with a
neutral density filter, an amplitude-type binary optical panel,
a phase-type binary optical panel, a binary transmittance
liquid crystal cell, an amplitude-type electrical addressing
modulator, an amplitude-type optical addressing modulator,
a phase-type electrical addressing spatial light modulator,
and an adaptive optical component.

10. The laser driving device according to claim 1, further
comprising a collimation component (8) for collimating
cach light beam 1n the laser driving device.

11. A method for enabling a uniform light field using the
device of claim 1, comprising

adopting a narrow-band low-spatial-coherence light

source as the laser seed (1),

amplitying light by the amplification and transmission

unit (2) to obtain an amplified light,

subjecting the amplified light to frequency conversion by

the frequency conversion unit (3), and converting the
amplified light to a light with a converted frequency,
and

focusing the light with the converted frequency by the

focusing unit (4) to obtain a light field with uniform
near and far fields.
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